Human immunodeficiency virus type 1 (HIV-1)-associated dementia (HAD) is correlated with increased monocyte migration to the brain, and the incidence of HAD among otherwise asymptomatic subjects appears to be lower in India than in the United States and Europe (1 to 2% versus 15 to 30%). Because of the genetic differences between HIV-1 strains circulating in these regions, we sought to identify viral determinants associated with this difference. We targeted Tat protein for these studies in view of its association with monocyte chemotactic function. Analyses of Tat sequences representing nine subtypes revealed that at least six amino acid residues are differentially conserved in subtype C Tat (C-Tat). Of these, cysteine (at position 31) was highly (>99%) conserved in non-subtype C viruses and more than 90% of subtype C viruses encoded a serine. We hypothesized a compromised chemotactic function of C-Tat due to the disruption of CC motif and tested it with the wild type C-Tat (CS) and its two isogenic variants (CC and SC) derived by site-directed mutagenesis. We found that the CS natural variant was defective for monocyte chemotactic activity without a loss in the transactivation property. While the CC mutant is functionally competent for both the functions, in contrast, the SC mutant was defective in both. Therefore, the loss of the C-Tat chemotactic property may underlie the reduced incidence of HAD; although not presenting conclusive evidence, this study provides the first evidence for a potential epidemiologic phenomenon associated with biological differences in the subtype C viruses.
Human immunodeficiency virus type 1 (HIV-1)-associated dementia (HAD)
is correlated with increased monocyte migration to the brain, and the incidence of HAD among otherwise asymptomatic subjects appears to be lower in India than in the United States and Europe (1 to 2% versus 15 to 30%). Because of the genetic differences between HIV-1 strains circulating in these regions, we sought to identify viral determinants associated with this difference. We targeted Tat protein for these studies in view of its association with monocyte chemotactic function. Analyses of Tat sequences representing nine subtypes revealed that at least six amino acid residues are differentially conserved in subtype C Tat (C-Tat). Of these, cysteine (at position 31) was highly (>99%) conserved in non-subtype C viruses and more than 90% of subtype C viruses encoded a serine. We hypothesized a compromised chemotactic function of C-Tat due to the disruption of CC motif and tested it with the wild type C-Tat (CS) and its two isogenic variants (CC and SC) derived by site-directed mutagenesis. We found that the CS natural variant was defective for monocyte chemotactic activity without a loss in the transactivation property. While the CC mutant is functionally competent for both the functions, in contrast, the SC mutant was defective in both. Therefore, the loss of the C-Tat chemotactic property may underlie the reduced incidence of HAD; although not presenting conclusive evidence, this study provides the first evidence for a potential epidemiologic phenomenon associated with biological differences in the subtype C viruses.
Human immunodeficiency virus type 1 (HIV-1) displays extraordinary genetic variation, leading to the classification of the viral strains into phylogenetically distinct groups and subtypes (25) . Of the various subtypes of HIV-1, subtype C is linked to ϳ50% of the infections globally (11) and is associated with rapidly growing epidemics in sub-Saharan Africa and parts of Asia, including India and China (13) . In addition to genetic and demographic factors, biological properties unique to the subtype C viruses may also play a role in their exponential proliferation (12, 34) . HIV-1 subtype C exhibits properties distinct from other subtypes at the molecular and biological levels, and it is presently not known whether these differences translate to differential pathogenic properties (20) .
The prevalence of HIV-1-associated dementia (HAD) among otherwise asymptomatic subjects in United States and Europe has been estimated at 15 to 30% (18, 47) . In contrast, Satishchandra et al. (40) and others (45) have documented an unusually low incidence (about 1 to 2%) of HAD in India. It should be noted that the low levels of HAD in economically developing societies like India are often attributed to underdiagnosis, shorter life expectancy, or other factors (19, 42) . In an extensive follow-up of earlier studies, however, Satishchandra et al. (40) found six cases of HAD among 427 HIV-infected asymptomatic individuals (1.4%), indicating that the low incidence of HAD is not an artifact (A. Nalini, P. Satishchandra, M. Gourie-Devi, N. Khanna, V. Santosh, V. Ravi, A. Desai, A. Chandramukhi, T. C. Yasha, A. Mahadevan, T. Suresh, P. N. Jayakumar, and S. K. Shankar, Abstr. XVII World Congr. Neurol., London, United Kingdom, abstr. 971, 2001).
Since subtype C viruses predominate in India and other developing countries and are genetically distinct from the subtype B viruses that are prevalent in the United States and Europe, we sought to identify genetic and biologic differences between the viral subtypes as a basis for an explanation of the differences in the levels of prevalence of HAD. Among HIV-1 proteins, Tat exhibits strong monocyte chemotactic properties (2, 3) ; the increased migration of the activated monocytes to the brain is strongly correlated with HAD (23) . Therefore, we evaluated structural and functional aspects of Tat that could influence monocyte chemotactic function and explain the low frequency of HAD. This study presents an analysis of Tat sequences for identification of the features that are differen-tially conserved in C-Tat and experimental evidence to show that one of differentially conserved amino acids attenuates the monocyte chemotactic functions of Tat without affecting its transactivation properties.
A total of 1,081 group M HIV-1 sequences encoding the first exon of tat were obtained from the Los Alamos sequence database (25 [5] , and K [7] ) that were subjected to analyses. Sequences were aligned using CLUSTAL_X (44) . The heuristic search for a maximumlikelihood (ML) tree was done using PAUP* and a subtreepruning-regrafting branch-swapping algorithm. The starting tree was obtained by neighbor joining; 26 ML trees with a log likelihood score of Ϫ5,168.4784 were obtained from 2,844,407 rearrangements. Multifurcations were edited by assigning low values, and the trees were edited and displayed. The presence of signature amino acid residues that characterize subtype C viruses was assessed using Vespa (24) .
Phylogenetic analysis of the first exon of tat revealed monophyletic clusters of subtype C and other subtypes (Fig. 1A) consistent with the phylogenetic relationship observed for other regions of the viral genome (6, 28, 30, 41) . Six amino acid positions were conserved in 70% or more of subtype C sequences (Fig. 1D ). Among these, we selected C31S for a focused study in view of its presence within the highly conserved dicysteine motif and its impact on Tat biological functions (21, 36, 39) . While Ͼ99% of non-subtype C viruses encode a cysteine at position 31 ( Fig. 1B and D) , about 90% of the sequences identified as belonging to subtype C in the database (http://hiv-web.lanl.gov) encoded a serine (regardless of the geographic origin of the subtype C viruses) ( Fig. 1C and D) . Of the 34 subtype C sequences that did not encode S31, 13 were potential recombinants. Analysis of 18 that clustered unambiguously with subtype C indicated the absence of a shared ancestry; thus, these appeared to have evolved independently (Fig. 1E ). In consistency with previous reports identifying the sequences of subtype C viruses in India as being genetically (Fig. 2A) . The first exon of C-Tat from an Indian clinical sample was cloned into a pIRESpuro vector (BD Biosciences Clontech, Palo Alto, Calif.). Mutations were introduced (using an overlap-PCR strategy) into the CS motif of Tat at positions 30 and 31 to generate CC and SC mutants ( Fig.   2A ). 293 cells were cotransfected with different Tat expression vectors and reporter plasmids expressing GFP or SEAP under the control of an LTR. All functional assays of Tat contained a cytomegalovirus-galactosidase expression vector as an internal standard. Tat vectors with C30 (CC and CS) induced high levels of GFP expression, while substituting serine at position 30 (SC) led to reduced GFP expression (Fig. 2B) . Quantitative analysis of Tat transactivation with an SEAP reporter confirmed that cysteine at position 30, but not at position 31, is critical for Tat transactivation (Fig. 2C) . To test the effect of C31S mutation on virus production, we transfected HLM-1 cells (which harbor an integrated virus defective for Tat) with vectors encoding CC, CS, and SC versions of C-Tat. Culture medium was harvested at different time points, and p24 levels were measured using a commercial kit (NEN Life Sciences, Boston, Mass.). CC-and CS-Tat produced comparable levels HLM-1 cells were transfected with different C-Tat variant expression vectors. Culture supernatants were collected on days 1, 3, 5, and 7 following transfection, and p24 levels in the culture supernatants were determined using a commercial kit. Results of experiments using samples from day 3 (when antigen levels peaked) are presented; similar results were observed for samples from other days. Abs, absorbance; ϪVE, parental vector.
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on June 23, 2017 by guest http://jvi.asm.org/ of p24, while the levels produced by SC were significantly lower (Fig. 2D) . In summary, the results of experiments with isogenic variants of C-Tat suggested that cysteine at position 31 is not critical for LTR transactivation. Since C31 is conserved in nearly all HIV-1 non-subtype C viruses and HIV-2 and simian immunodeficiency virus (SIV) but not in subtype C viruses (Fig. 1B) , it remains to be seen whether C31 is associated with a yet-to-be-identified important function. Tat secreted from the infected cells (8, 10) is readily taken up by cells and can reach the nucleus and modulate the expression of a variety of cellular genes (32) . Among the properties ascribed to extracellular Tat, a strong macrophage/ monocyte-specific chemokine activity (2, 26, 46) is highly relevant to HAD (since infiltration of activated monocytes to the brain is believed to be a critical event) (14, 23, 31) . A significant correlation between the degree of macrophage staining and the severity of dementia has been reported (15, 16) . Tat (functioning as a chemokine by itself and/or indirectly via the stimulation of monocyte chemotactic protein 1 [MCP-1] secretion by astrocytes) has been implicated in the recruitment of monocytes to the brain (4, 5, 9, 46) . Peptide mapping to delineate determinants of chemokine properties has identified the cysteine-rich and core domains of Tat as being responsible for this activity (1) . Potent monocyte chemokines such as MCP-1, MIP-1, RANTES, and others possess a chemokine fold and a dicysteine motif essential for monocyte chemotaxis (38) . Disruption of the dicysteine motif has been shown to inhibit the monocyte chemotactic activity of MCP-1 (22) and subtype B Tat (1) peptides.
To evaluate the significance of subtype C-Tat in monocyte chemotaxis, we used recombinantly expressed Tat proteins and a modified microchemotaxis system to perform cell migration assays (29) . Human peripheral blood mononuclear cells were collected from anonymous blood donors and supplied by The New York City Blood Center. Monocytes were enriched by RossetteSep technology (StemCell Technologies, Vancouver, Canada). Monocyte migration was set up in a 48-well chamber with a polycarbonate membrane (5-m pore size) coated with polyvinylpyrrolidone (Neuroprobe, Gaithersburg, Md.) for a gradient of different Tat proteins in a 2-h chemotaxis assay (1) . Migrated cells were fixed and stained with Diff-Quick (Dade Behring, Newark, Del.), and a minimum of 10 representative fields for each test group was counted using ϫ20 magnification.
Monocytes migrated in a dose-and time-dependent manner with a gradient of CC-Tat. However, disruption of the dicysteine motif (CS or SC) in Tat resulted in a significant reduction in the migration of monocytes (Fig. 3) . A monoclonal antibody against subtype B-Tat inhibited monocyte migration (data not shown). Identical results were obtained with different lots of human monocytes under different experimental conditions. These results suggest that C-Tat is inherently deficient in monocyte chemotaxis due to a C31S substitution. On the basis of our own results and those of the previous studies (2, 21) , we propose that C31 in Tat derived from non-subtype C strains of HIV-1, HIV-2, and SIV is evolutionarily conserved to preserve the dicysteine motif necessary for its monocyte chemotactic function. Subtype C viruses appear to relinquish this function, possibly to gain an advantage of a different kind. This is the first report illustrating genetic and functional differences between the Tat proteins of subtype C and nonsubtype C viruses and how this variation might impact the differential levels of incidence of HAD among HIV-infected individuals in India (40, 45) and (potentially) other countries where subtype C viruses predominate. However, it should be noted that HAD is expected to have a complex etiology and that other viral or host gene products and/or interactions may also play a role. For instance, polymorphism at the MCP-1 locus has been shown to be associated with the incidence of HAD in a clinical cohort (17) .
Socioeconomic factors (such as underreporting and underdiagnosis of dementia and different diagnostic criteria applied for the identification of the demented subjects) have influenced the incidence of other forms of dementia (such as Alzheimer's disease) (7, 42) . However, no such information is available on the incidence of HAD caused by strains other than HIV-1 subtype B.
In summary, we have identified a natural variation within C31S, the dicysteine motif of HIV-1 Tat, which is differentially conserved among subtype C viruses. We show that a C31S mutation attenuates monocyte chemotactic function without modulating transactivation property. Another characteristic of subtype C viruses is the absence of X4 viruses that use the chemokine receptor CXCR4. Given the chemokine properties of Tat, we speculate that a role for C31S mutation exists in the absence of evolution and outgrowth of X4 viruses. A number of reagents used in this study were obtained through the U.S. AIDS Research and Reference Reagent Program, Division of AIDS, NIAID, NIH, and The Centralised Facility for AIDS Reagents, National Institute for Biological Standards and Control, UNAIDS. We thank Sunhee Lee and Chandrabhas Narayana for helpful discussions. 
